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Progress in Polyhaploid Production Techniques of 
Hexaploid Wheat through Wide Crosses 
M.N. INAGAKI and A. MUJEEB-KAZI 
International Maize and Wheat Improvement Center (CIMMYT) 
Lisboa 27, Apartado Posta16-641, 06600 Mexico, D.F., Mexico 
ABSTRACT 
Polyhaploid production techniques of hexaploid wheat 
(Triticum aestivum L.) through wide crosses were evaluated 
in terms of pollen sources, 2,4-D application, embryo 
rescue and chromosome retention. Pollen sources 
included Hordeum bulbosum L., Zea mays L., Pennisetum 
glaucum (L.) R. Br., Sorghum bicolor (L.) Moench, and 
Tripsacum dactyloides (L.) L. Maize-mediated polyhaploid 
production was more stable than the other methods 
because of a lesser genotypic influence on embryo 
formation. Application of 2,4-D onto wheat after 
pollination was critical to promote seed setting and embryo 
formation in all cross combinations. Embryo rescue was 
necessary at an appropriate embryo developmental stage 
to obtain plant regeneration. Paternal chromosomes were 
eliminated by the stage of active growth of the polyhaploid 
seedlings. Polyhaploid production frequencies ranged 
between I 0 and 20% of pollinated wheat florets, 
suggesting germ plasm genotypic effects. 
INTRODUCTION 
The main objective of wide hybridization in the tribe 
Triticeae is alien genetic transfer, which is facilitated by 
tissue culture and cytogenetic manipulation (Sharma and 
Gill 1983, Mujeeb-Kazi and Asiedu 1990). Chromosomal 
stability of wide hybrids is dependent on cross 
combinations. Failure of alien genetic transfer after 
fertilization, as a consequence of the preferential 
elimination of chromosomes of one parent, was first 
reported in Hordeum hybrids (Symko 1969, Kasha and Kao 
1970). Artificial rescue of haploid embryos was required 
since endosperm did not develop in most of seeds set. 
Monoploid production technique of barley (Hordeum 
vulgare L., 2n=2x= 14) through crosses with H. bulbosum L. 
was developed in the 1970's Oensen 1976). 
lntergeneric crosses of hexaploid wheat (Triticum 
aestivum L., 2n=6x=42) with H. bulbosum also produced 
immature embryos capable of regenerating polyhaploids 
(3x= 21) wheat plants (Barclay 1975). A polyhaploid 
production technique using H. bulbosum crosses was 
reviewed and its application restricted to cross-compatible 
wheat genotypes (lnagaki 1990). This paper reviews the 
development of various techniques for polyhaploid 
production of hexaploid wheat through wide crosses with 
the members of the Gramineae family. 
BREEDING 
H. bulbosum crosses 
Cross-compatibility between hexaploid wheat and H. 
bulbosum depends on both parental genotypes (Snape et at. 
1979, Falk and Kasha 1981 , lnagaki and Snape 1982, Sitch 
and Snape 1986). The dominant genes Krl and Kr2, 
located on wheat chromosomes SB and SA, respectively, 
control the cross-incompatibility (Falk and Kasha 1983, 
Sitch et at. 1986). The absence of fertilization in 
cross-incompatible wheat genotypes is attributed to the 
failure of pollen tube to penetrate the embryo sac (Snape 
et at. 1980, Sitch and Snape 1987a). Therefore, at present, 
wheat genotypes used for polyhaploid production are 
restricted to those that are cross-compatible with H. 
bulbosum. These wheat genotypes presumably have their 
origin in Asia (Falk and Kasha 1981, lnagaki and Snape 
1982, Li and Hu 1986). According to the genealogical 
pedigrees of Japanese cultivars (Fukunaga and lnagaki 
1985), wheat cultivars derived from the hybrid progenies of 
local varieties are highly cross-compatible (lnagaki 1986). 
On the other hand, H. bulbosum genotypes with 
heterogeneity show great variation in their ability to affect 
cross-compatibility of wheat. However, H. bulbosum 
genotypes that may be sufficiently cross-compatible with all 
wheat genotypes have not yet been found (lnagaki 1986, 
Sitch and Snape 1986). 
When the cross-compatible wheat genotypes are used 
for crosses, the production efficiency is enough to obtain 
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200 polyhaploids from I 000 wheat florets (40 spikes) 
pollinated by H. bulbosum (lnagaki 1989). It also takes 
26-30 weeks from crossing to harvest of doubled haploid 
grains by using environment-controlled facilities. This 
technique requires further development because of the 
restriction of wheat germ plasm. 
Application of plant growth regulators 
Reduction of the cross-incompatibility barrier of 
hexaploid wheat has been attempted by means of some 
synthetic plant hormones. Marshall et a/ ( 1983) reported 
that the application of a 2,4-dichlorophenoxyacetic acid 
(2,4-D) solution onto emasculated wheat florets prior to 
· pollination induced parthenocarpic seed development and 
increased ovule size due to cell expansion. This however 
did not have a favorable effect on seed setting in crosses 
with H. bulbosum. To avoid physiological damage of 2,4-D 
on wheat florets, lnagaki ( 1986) adopted a method to inject 
repeatedly a 2,4-D solution (I 00 mg/1) in the wheat culms 
from emasculation to pollination. The development of 
wheat caryopses after H. bulbosum pollination was similar 
to that observed during self-pollination. The embryo 
formation frequency was twice that of the control when a 
cross-compatible wheat genotype was utilized. This 
crossing method also produced embryos with a 
cross-incompatible genotype at very low frequencies, 
suggesting that the 2,4-D application enhanced seed and 
embryo development after fertilization rather than 
increasing fertilization itself. Effectiveness of the 2,4-D 
treatment was further confirmed during production of 
wheat x barley hybrids (Koba and Shimada 1991 , 
Riera-Lizarazu et a/. 1992a). Other hormones such as 
indole-3-acetic acid and gibberellic acid did not reduce the 
cross-incompatibility mechanism (Falk and Kasha 1982). 
Pollen source 
Alien genetic transfer to hexaploid wheat has been 
attempted in crosses with the members of the Panicoides 
subfamily (Zenkteler and Nitzsche 1984). Cytological 
evidence indicates that the fertilization of wheat with maize 
(Zea mays L.) pollen was successful, irrespective of the 
presence of Kr gene(s), and produced hybrid zygotes 
(Laurie and Bennett 1986, 1987a). In these zygotes, the 
maize chromosomes were rapidly lost within two days 
after pollination (Laurie and Bennett 1987b ), necessitating 
artificial rescue of proembryos at early developmental 
stages (Laurie and Bennett 1988a). Suenaga and Nakajima 
( 1989) found an enhancing effect of 2,4-D treatment on the 
embryo development in wheat caryopses. lnagaki and 
Tahir ( 1990) demonstrated that maize pollination of, and 
subsequent 2,4-D treatment onto wheat also resulted in 
production of wheat embryos capable of regenerating 
polyhaploid plants, even for wheat varieties that were 
cross-incompatible with H. bulbosum. Genotypic 
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differences in embryo formation frequency were significant 
only for the wheat parent. Polyhaploid production through 
maize crosses has been further confirmed using diverse 
wheat varieties (lnagaki and Tahir 1990, Laurie and Bennett 
1991 ). Some species related to maize, like teosinte (Z. 
mays L. spp. mexicana) and eastern gamagrass (Tripsacum 
dactyloides (L.) L.) are alternative pollen sources for wheat 
polyhaploid production (Ushiyama et a/. 1991 , 
Riera-Lizarazu and Mujeeb-Kazi 1993). For increasing 
flexibility to handle wheat materials, detaching the wheat 
spikes pollinated with maize and culturing them in a 
nutrient solution containing 2,4-D was developed 
(Ushiyama et a/. 1991, Riera-Lizarazu et a/. 1992b ). 
In sorghum (Sorghum bicolor (L.) Moench) and pearl 
millet (Pennisetum glaucum (L.) R. Br.) crosses, successful 
fertilization and elimination of paternal chromosomes from 
hybrid zygotes were observed (Laurie and Bennett 1988b, 
Laurie 1989b ). Efficient formation of polyhaploid embryos 
in these crosses indicated that the 2,4-D application was 
essential (Ohkawa et a/. 1992, lnagaki and Mujeeb-Kazi 
1994a). Significant embryo formation frequency 
differences existed among wheat varieties. Sorghum 
crosses however, expressed a strong genotypic barrier to 
embryo formation (lnagaki and Mujeeb-Kazi 1994a). 
Therefore, the maize-mediated polyhaploid production 
appears more stable than the other methods because of its 
lesser genotypic effect on embryo formation. 
A technique of storing pollen for long periods is helpful 
for crosses onto wheat parents without having to 
synchronize flowering times of both parents. Long-term 
pollen storage at ultra-low temperatures is feasible in maize 
(Barnabas and Rajki 1981) and pearl millet (Hanna 1990). 
Dried maize pollen with I 0 to 12% water content, stored 
for three months at -80°C produced embryos on wheat at 
half the frequency of fresh pollen (lnagaki and Mujeeb-Kazi 
1994b ). Stored maize pollen can thus be used for wheat 
polyhaploid production when and where fresh pollen is not 
available. 
Polyhaploid production efficiency 
A technique of polyhaploid production in hexaploid 
wheat through wide crosses consists of two steps; 
hybridization and embryo rescue. A factor affecting 
polyhaploid production efficiency was the developmental 
stage of the wheat florets at crossing. This was critical in 
crosses with H. bulbosum (Sitch and Snape 1987b ), maize 
(Laurie 1989a) and pearl millet (lnagaki and Bohorova 
1994). Environmental conditions of humidity and 
temperature also affected embryo formation frequency in 
crosses with H. bulbosum (lnagaki and Snape 1982, lnagaki 
1986, Sitch and Snape 1987c). Further, the developmental 
stage of wheat embryos formed was critical with respect to 
plant regeneration frequency in crosses with H. bu/bosum 
(lnagaki 1985) and pearl millet (lnagaki and Bohorova 
1994). In general, pollination at an early developmental 
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stage of wheat florets under a high level of humidity and 
temperature resulted in higher frequencies of embryo 
formation. Artificial rescue at a suitable embryo 
developmental stage was required to attain a higher 
frequency of plant regeneration. These procedures are 
routinely utilized in other Triticeae wide crosses 
(Mujeeb-Kazi eta/., 1987, 1989). 
Crosses of diverse hexaploid wheat varieties with 
maize resulted in embryo formation frequencies of 32.7% 
(Laurie and Reymondie 1991 ), 21.7% (lnagaki and Tahir 
1990) and I 5.6%, 43.7% and 60.7%, respectively. These 
values are comparable to those obtained for the H. 
bulbosum crosses. Consequently, the polyhaploid 
production frequency with maize ranged from 20.1% to 
9.5%, suggesting some genotypic effect of the wheat and 
maize germplasm used for crosses. 
Cytological examination of the regenerated wheat 
plants indicated that most of them were euhaploids with 21 
chromosomes (lnagaki and Tahir 1990, Riera-Lizarazu et a/. 
1992b, lnagaki and Mujeeb-Kazi 1994a). Retention of 
paternal chromosomes was detected at the proembryo 
stage in crosses with maize and sorghum (Laurie and 
Bennett 1986, 1988a), at the tillering stage of plants from 
crosses with pearl millet and maize (Ahmad and Comeau 
1990, Comeau et a/. 1992), and at the doubled haploid 
plant stage derived from the crosses with H. bulbosum 
(lnagaki 1987). These facts do not eliminated the 
possibility of translocating chromosome segments of pollen 
parents to the wheat genome through somatic associations. 
However, variations in agronomic traits of doubled 
haploids were negligible in H. bulbosum (lnagaki 1987, 
Snape et a/. 1988) and maize (Laurie and Snape 1990, 
Suenaga and Nakajima 1993a) crosses. Significant 
distortion of segregation ratios in the doubled haploids 
derived from hybrid progenies was not observed in H. 
bulbosum (lnagaki and Tahir 1991, lnagaki and Egawa 1994) 
and maize (Suenaga and Nakajima 1993b) crosses. 
CONCLUSION 
Two decades were spent to establish a technique for 
producing polyhaploids from diverse genotypes of 
hexaploid wheat through wide crosses. Significant 
technical developments were attributed to pollen selection 
from different subfamilial species and the application of 
2,4-D. At present, doubled haploids derived from hybrid 
progenies can be used as materials of recombinant inbred 
lines in genetic analyses and breeding purposes. However, 
it needs more development to extend this technique to the 
related crop species. Polyhaploid production in durum 
wheat by maize crosses was demonstrated (Riera-Lizarazu 
et a/. 1992b ), but dependent upon its genotypic variation 
(lnagaki and Tahir unpublished). 
The initial objective of wide crosses is to augment the 
genetic diversity of the existing germplasm. Process of 
fertilization and embryo formation have been already 
confirmed in crosses of hexaploid wheat with maize, 
sorghum and pearl millet. The third step in producing 
symmetrical or asymmetrical hybrids is to develop a 
technique for retaining some paternal chromosomes in 
these distant hybrids. Cytogenetic manipulation and 
molecular approaches will be increasingly required to 
materialize this step. 
LITERATURE CITED 
Ahmad, F. and A. Comeau. 1990. Wheat x pearl millet hybridization: consequence and potential. Euphytica 50:181-190. 
Barclay, I.R. 1975. High frequencies of haploid production in wheat (Triticum aestivum L.) by chromosome elimination. 
Nature (London) 256:420-411. 
Barnabas, B. and E. Rajki. 1981. Fertility of deep-frozen maize (Zea mays L.) pollen. Ann. Bot. 48:861-864. 
Comeau, A., P. Nadeau, A. Plourde, R. Simard, 0. Mae, S. Kelly, L. Harper, J. Lettre, B. Landry and C.-A. St. Pierre. 1992. 
Media for the in ovulo culture of proembryos of wheat and wheat-derived interspecific hybrids or haploids. Plant Sci. 
81:117-125. 
Falk, D.E. and K.J. Kasha. 1981 . Comparison of the crossability of rye (Secale cereale) and Hordeum bulbosum onto wheat 
(Triticum aestivum ). Can. J. Genet. Cytol. 23:81-88. 
Falk, E.E. and K.J. Kasha. 1982. A study of hormones on cross-incompatibility of wheat with rye and Hordeum bulbosum. 
Cereal Res. Commun. I 0:233-234. 
Falk, D.E. and K.J. Kasha. 1983. Genetic studies of the crossability of hexaploid wheat with rye and Hordeum bulbosum. 
Theor. Appl. Genet. 64:303-307. 
Fukunaga, K. and M.N. lnagaki. 1985. Genealogical pedigrees of Japanese wheat cultivars. Japan. J. Breed. 35:89092. (in 
~ Japanese) 
Hanna, W.W. 1990. Long-term storage of Pennisetum glaucum (L.) R. Br. pollen. Theor. Appl. Genet. 79:605-608. 
lnagaki, M.N. 1985. Embryo culture of wheat cultivar Norin 61 crossed with Hordeum bulbosum L. Japan. J. Breed. 
67 
35: 193-195. 
lnagaki, M.N. 1986. Crossability of Japanese wheat cultivars with Hordeum bulbosum L. Japan. J. Breed. 36:363-370. 
lnagaki, M.N. 1987. Variation in plant height of doubled haploid lines of wheat derived from intergeneric crosses with 
Hordeum bulbosum L. Japan. J. Breed. 37:275-282. 
lnagaki, M.N. 1989. Three steps in producing doubled haploids of wheat through the bulbosum technique. Proc. 7th Int. 
Wheat Genet. Symp., Cambridge, 1988, p. I I 09-1 I 14. 
lnagaki, M.N. 1990. Wheat haploids through the bulbosum technique. In Biotechnology in Agriculture and Forestry, vol. 13, 
Wheat', Bajaj, Y.P.S. (ed.), Springer-Verlag, Berlin, p. 448-459. 
lnagaki, M.N. and N. Bohorova. 1994. Plant regeneration from the crosses of hexaploid wheat with pearl millet. Breed. Sci. 
44 (submitted). 
lnagaki, M.N. and Y. Age. 1994. Association between high-molecular weight subunit genotypes of seed storage glutenin and 
agronomic traits in a doubled haploid population of bread wheat. Breed. Sci. 44:41-45. 
lnagaki, M.N. and A. Mujeeb-Kazi. 1994a. Genotypic effects on polyhaploid production frequencies in crosses of hexaploid 
wheat with maize, pearl millet and sorghum. Breed. Sci. 44 (submitted). 
lnagaki, M.N. and A. Mujeeb-Kazi. 1994b. Storage of maize pollen for use in haploid production of hexaploid wheat. Breed. 
Sci . 44: (submitted). 
lnagaki, M.N. and J.W. Snape. 1982. Frequencies of haploid production in Japanese wheat varieties crossed with tetraploid 
Hordeum bulbosum L. Japan. J. Breed. 32:341-347. 
lnagaki, M.N. and M. Tahir. 1990. Comparison of haploid production frequencies in wheat varieties crossed with Hordeum 
bulbosum L. and maize. Japan. J. Breed. 40:209-216. 
lnagaki, M.N . and M. Tahir. 1991. Effects of semi-dwarfing genes Rhtl and Rht2 on yield in doubled haploid lines of wheat. 
Japan. J. Breed. 41 : 163-167. 
Jensen, C.J. 1976. Barley monoploids and doubled monoploids: techniques and experience. Barley Genet. 3:316-345. 
Kasha, K.J . and K.N. Kao. 1970. High frequency haploid production in barley (Hordeum vulgare L.). Nature (London) 
225:874-876. 
Koba, T., T. Handa and T. Shimada. 1991. Efficient production of wheat-barley hybrids and preferential elimination of barley 
chromosomes. Theor. Appl. Genet. 81 :285-292. 
Laurie, D.A. 1989a. Factors affecting fertilization frequency in crosses of Triticum aestivum cv. Highbury x Zea mays cv. Seneca 
60. Plant Breed. I 03: 133-140. 
Laurie, D.A. 1989b. The frequency of fertilization in wheat x pearl millet crosses. Genome 32: I 063-1067. 
Laurie, D.A. and M.D. Bennett. 1986. Wheat x maize hybridization. Can. J. Genet. Cytol. 28:313-316. 
Laurie, D.A. and M.D. Bennett. 1987a. The effect of the crossability loci Kr I and Kr2 on fertilization frequency in hexaploid 
wheat x maize crosses. theor. Appl. Genet. 73:403-409. 
Laurie, D.A. and M.D. Bennett. 1987b. The t iming of chromosome elimination in hexaploid wheat x maize crosses. Genome 
32:953-961 . 
Laurie, D.A. and M.D. Bennett. 1988a. The production of haploid wheat plants from wheat x maize crosses. Theor. Appl. 
Genet. 76:393-397. 
Laurie, DA. and M.D. Bennett. 1988b. Cytological evidence for fertilization in hexaploid wheat x sorghum crosses. Plant 
Breed. I 00:73-82. 
Laurie, D.A. and S. Reymondie. 1991 . High frequencies of fertilization and haploid seedling production in crosses between 
commercial hexaploid wheat varieties and maize. Plant Breed. I 06: 182-189. 
Laurie, D.A. and J.W. Snape. 1990. The agronomic performance of wheat doubled haploid lines derived from wheat x maize 
crosses. Theor. Appl. Genet. 79:81 3-816. 
Li, D.W. and Z.D. Hu. 1986. The crossability of Triticum aestivum with Hordeum bulbosum. Acta Bot. Sinica 28:461-4 71. 
Marshall, D.R., M. Molnar-Lang, M. and F.W. Ellison. 1983. Effects of 2,4-D on parthenocarpy and cross-compatibility in 
wheat. Cereal Res. Commun. I I :21 3-219. 
Mujeeb-Kazi, A. and R. Asiedu. 1990. Wide hybridization-potential of alien genetic transfer for Triticum aestivum 
improvement. In Biotechnology in Agriculture and Forestry, vol. 13, Wheat, Bajaj, Y.P.S. (ed.), Springer-Verlag, Berlin, p. 
111-127. 
68 
h 
t. 
I, 
i. 
d 
d 
d 
n 
t. 
l) 
~y 
:a 
Mujeeb-Kazi, A., S. Roldan, D.Y. Suh, L.A. Sitch and S. Farooq. 1987. Production and cytogenetic analysis of hybrids between 
Triticum aestivum and some caespitose Agropyron species. Genome 29:537-553. 
Mujeeb-Kazi, A., S. Roldan, D.Y. Suh, N. Ter-Kuile and S. Farooq. 1989. Production and cytogenetics of Triticum aestivum L. 
hybrids with some rhizomatous species. Theor. Appl. Genet. 77: 162-168. 
Ohkawa, Y., K. Suenaga and T. Ogawa. 1992. Production of haploid wheat plants through pollination of sorghum pollen. 
Japan. J. Breed. 42:891-894. 
Riera-Lizarazu, 0 ., W.G. Dewey and J.G. Carman. 1992a. Gibberellic acid and 2,4-D treatments for wheat x barley 
hybridization using detached spikes. Crop Sci. 32: I 08-114. 
Riera-Lizarazu, 0., A. Mujeeb-Kazi and M.D.H.M. William. 1992b. Maize (Zea mays L.) mediated polyhaploid production in 
some Triticeae using a detached tiller method. J. Genet. Breed. 46:335-346. 
Riera-Lizarazu, 0. and A. Mujeeb-Kazi. 1993. Polyhaploid production in the Triticeae: wheat x Tripsacum crosses. Crop Sci. 
33:973-976. 
Sharma, H.C. and B.S. Gill. 1983. Current status of wide hybridization in wheat. Euphytica 32:17-31. 
Sitch, L.A., J.W. Snape and S.J . Firman. 1985. lntrachromosomal mapping of crossability genes in wheat (Triticum aestivum). 
Theor. Appl. Genet. 70:309-314. 
Sitch, L.A. and J.W. Snape. 1986. The influence of the Hordeum bulbosum and the wheat genotype on haploid production in 
wheat (Triticum aestivum). Z. Pflanzenzi.ichtg. 96:304-319. 
Sitch, LA and J.W. Snape. 1987a. Factors affecting haploid production in wheat using the Hordeum bulbosum system. I. 
Genotypic and environmental effects on pollen grain germination, pollen tube growth and the frequency of fertilization. 
Euphytica 36:483-496. 
Sitch, L.A. and J.W. Snape. 1987b. Factors affecting haploid production in wheat using the Hordeum bulbosum system. 2. The 
effect of the timing of pollination. Euphytica 36:497-504. 
Sitch, LA and J.W. Snape. 1987c. Factors affecting haploid production in wheat using the Hordeum bulbosum system. 3. 
Post-fertilization effects on embryo survival. Euphytica 36:763-773. 
Snape, J.W., V. Chapman, J. Moss, C.E. Blanchard and T.E. Miller. 1979. The crossability of wheat varieties with Hordeum 
bulbosum. Heredity 42:291-298. 
Snape, J.W., M.D. Bennett and E. Simpson. 1980. Post-pollination events in crosses of hexaploid wheat with tetraploid 
Hordeum bulbosum. Z. Pflanzenzi.ichtg. 85:200-204. 
Snape, J.W., L.A. Sitch, E. Simpson and B. Parker. 1988. Tests for the presence of gametoclonal variation in barley and wheat 
doubled haploids produced using the Hordeum bulbosum system. Theor. Appl. Genet. 75:509-513. 
Suenaga, K. and K. Nakajima. 1989. Efficient production of haploid wheat (Triticum aestivum) through crosses between 
Japanese wheat and maize (Zea mays). Plant Cell Rep. 8:263-266. 
id Suenaga, K. and K. Nakajima. 1993a. Variation in doubled haploid plants of wheat obtained through wheat (Triticum aestivum) 
x maize (Zea mays) crosses. Plant Breed. Ill: 120-124. 
1e Suenaga, K. and K. Nakajima. 1993b. Segregation of genetic markers among wheat doubled haploid lines derived from wheat 
x maize crosses. Euphytica 65: 145-152. 
>1. Symko, S. 1969. Haploid barley from crosses of Hordeum bulbosum (2x) x H. vulgare (2x). Can. J. Genet. Cytol. I I :;602-608. 
Ushiyama, T., T. Shimizu and T. Kuwabara. 1991 . High frequency of haploid production of wheat through intergeneric cross 
1t with teosinte. Japan. J. Breed. 41:353-357. 
Zenkteler, M. and W. Nitzsche. 1984. Wide hybridization experiments in cereals. Theor. Appl. Genet. 68:311-315. 
~n 
1 ~e 
in 
m 
p. 
69 
